Landmark scientific findings are applauded. However, at the time of discovery, the future impact that these types of new knowledge might have on patients is not foreseen. This article discusses how unraveling the structure of DNA has advanced medical treatment, particularly for patients with rare diseases. In addition, each new scientific discovery brings with it the emotion of hope for improved diagnosis and treatment, as well as enhanced outcomes and increased longevity for patients facing a life-long disease.
James Watson and Francis Crick excitedly shared the importance of their February 28, 1953 breakthrough on the structure of DNA at their regular lunch with colleagues that day. The 'secret of life' had been uncovered. Crick further acknowledged his excitement that evening with his wife. However, could the team have truly understood the impact of their work and where it would take the scientific community in a mere 65-year period? Could they have dreamed of opening the door to the modern field of genetics that today includes DNA sequencing, the Human Genome Project, medical and recreational genetic testing, genetic cloning and gene therapy? What about the necessity of a new field in health care, namely, genetic counseling? Certainly, they could never have envisioned the moral and ethical issues that would arise from unraveling DNA's double helix structure. From the perspective of a patient with a genetic disease, particularly one with a rare genetic disease, it is hard to even conceive that Watson and Crick could have imagined that their discovery would introduce the basic emotion of hope.
Von Hippel-Lindau, or VHL, is a rare genetic cancer syndrome resulting in tumors growing in 10 different organs: kidney, spine, brain, retina, adrenal glands, pancreas, inner ear, reproductive tract, liver and lung. Patients with VHL face a series of tumors, along with surgeries to remove the lesions, throughout their lives. A disease such as VHL not only results in a physical toll, but it also negatively impacts the emotional wellbeing of patients along with their families and loved ones (Lammens et al. 2010 (Lammens et al. , 2011 .
For years, families with VHL understood that their offspring were at a greater risk of inheriting their medical condition of unending tumor growth. It was the 1993 sequencing of the VHL gene located on the short arm of chromosome 3 (3P25-P26) by Latif et al. (1993) that initiated the long, and seemingly endless, journey of hope.
Understanding the genome structure opened the door to genetic testing and equally importantly, geneinformed cancer risk assessment and management. Using Sanger sequencing, genetic confirmation of VHL became possible. Next-generation sequencing, the more recent advancement in genetic testing, with increasing detection sensitivity allows for VHL detection in patient with the mosaic form of the disease.
Patients and their medical teams can now be attuned to VHL; taking (and developing) measures to identify tumors early and excising them, so called enhanced surveillance leading to the earliest of diagnosis and curative surgery. Offspring can be tested at a young age (because some of the tumors do occur that young) so that surveillance can be initiated when they are still young and before the risk of neoplasias rise. Embryonic genetic testing enables parents to know whether or not their unborn child will have VHL. The development of IVF combined with preimplantation genetic diagnosis (PGD) now allows parents to avoid passing the disease onto their offspring, if they so desire.
These new technologies demand a high level of understanding and careful consideration by patients because the implications are enormous. While the knowledge of a pre-existing condition currently does not play a role in issues related to health insurance, they do greatly impact a patient's ability to secure life insurance. They also play a tremendous role in family planning, a decision that should only be made by the perspective parent(s). Thus, the need for genetic counseling -a growing health care specialty and field with an increasing demand for trained professionals. A qualified genetic counselor can help educate patients and families of their risk of carrying the defective VHL gene and the impact it may have on existing family members as well as future offspring. They can describe family planning options, working with individuals or couples to decide what approach is best for them -a decision that is uniquely their own.
The advancement of technology accompanied by lower cost and increased accessibility has resulted in the current interest in 'recreational' genetic testing; just lick a swab and learn your genetic code. This is a process independent of medical input, advice, or counseling. What are the emotional implications of this trend? How does one respond or feel when a serious genetic disorder is uncovered in the process of learning about their genetic make-up and family ancestry? Should genetic counseling be required for this recreational genetic testing?
The expanded field of genomics also raises ethical issues. How should it be used, by whom and for what purpose? The field of bioethics grapples with the unanswered dilemma of 'Are we playing god'? A question retrospectively associated with the Eugenics Movement, a dark chapter in scientific history.
In contrast, the discovery of the structure of DNA opened the door for gene-informed therapy, ie, gene editing (see review on gene editing in this issue). Once a pipe dream, it is a growing technology with nearly 20 treatments currently approved by the FDA. Most relevant to VHL patients is Sparks Therapeutics 1997 approval of Luxturna, a genetic therapy for a rare form of inherited vision loss. It is every VHL patient's dream that such technology can be transferred to treat or prevent blindness caused by VHL-related retinal hemangiomas and, ultimately, to prevent all VHL manifestations. The recent advances of CRISPR are inspiring to patients raising the hope of curing VHL on a genetic level, removing the need for surgical and yet-to-be discovered pharmacological interventions.
The significance of the date on which Watson and Crick discovered DNA's double helix cannot be overlooked, February 28, 1953. Ironically, five and a half decades later, the last day of February was declared as a Rare Disease Day; a day to acknowledge and raise awareness among the general public and decision-makers of rare diseases and their impact on patients' lives. While one in 10 people suffer from a rare disease, the impact is much larger when one includes family and friends who are 'indirectly' impacted by their rare, often genetic medical condition.
Perhaps then, in conclusion, the best way to honor the 65th anniversary of unraveling the structure of DNA, may be to rededicate the pyridines and pyrimidines to Health, Optimism, Perseverance, and Encouragement. By doing so, we will also be honoring the feelings of hope further ignited by each scientific breakthrough by anyone person suffering from a genetic disorder.
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